ABSTRACT Amino-terminal amino-acid sequences were determined for the heavy (H) chains of anti-p-azophenylarsonate antibodies with shared idiotype, isolated from nine individual A/J mice. Mice chosen for investigation were those producing high titers of antibody with the cross-reactive idiotype. The (8, 24) , the total number of germ line VK genes might still be substantial. The amino-acid sequence of a V region (107-124 N-terminal residues) can be considered as consisting of the hypervariable (17, 25) and nonhypervariable, or framework regions. A VL or VH region has three or four hypervariable segments, each comprising five to ten amino-acid residues. These are widely spaced in the linear V region sequence but the amino acids comprising several of these regions are brought together in the 3-dimensional structure (26) (27) (28) (29) to form the antigen-binding site of the molecule, which utilizes amino acids from the hypervariable regions of both chains.
The mechanism through which the diversity of the variable (V)-region sequences of immunoglobulins is generated remains controversial. There is general agreement that the variety of different sequences expressed by an adult mammal is large; data on amino-acid sequences indicate that, within a species, the number of different heavy (H) and light (L) chains exceeds 103, and the actual value may be far higher. Since a given H chain can probably combine with different L chains to yield antibodies.of different specificities (and vice versa), the number of distinct antibody molecules may conceivably approach the product of the number of different H and L chains. While the variety of H and L chains that can be synthesized is large, the order of magnitude of the number of germ line genes that control their synthesis is uncertain. Opinions vary as to whether there is a germ line gene for each polypeptide (1) (2) (3) (4) (5) (6) (7) (8) or whether there is a relatively small number of germ line genes whose number is amplified through somatic processes such as mutation (9) (10) (11) (12) (13) , recombination (14) , or excision and repair with error of DNA (15, 16) . The possibility has also been suggested (17, 18) that hypervariable regions are encoded by a large number of small, separate segments of DNA ("episomes") which are inserted into a limited number of germ line genes. The clonal selection theory of Burnet (19) is accepted by the proponents of the various theories.
While so far inconclusive, recent RNA-DNA hybridization studies suggest that the number of V genes coding for each subgroup of L chain V regions is quite small (20) (21) (22) (23) (8, 24) , the total number of germ line VK genes might still be substantial. The amino-acid sequence of a V region (107-124 N-terminal residues) can be considered as consisting of the hypervariable (17, 25) and nonhypervariable, or framework regions. A VL or VH region has three or four hypervariable segments, each comprising five to ten amino-acid residues. These are widely spaced in the linear V region sequence but the amino acids comprising several of these regions are brought together in the 3-dimensional structure (26) (27) (28) (29) to form the antigen-binding site of the molecule, which utilizes amino acids from the hypervariable regions of both chains.
It is apparent that if somatic mutation processes do occur, they result in observable changes in amino-acid sequence with much greater frequency in hypervariable regions than in the framework. Nevertheless, there is considerable sequence variation even within framework regions (30, 31 10 20 Glu-Val-Gln-Leu-Gln-Gln-Ser-Gly-Ala-Glu-Leu-Val-Lys-Ala-Gly-Ser-Ser-Val-Lys-Met Glx ( ) Gix- 30 HV 38 A12
Ser-Cys-Ser-Ala-Thr-Gly-Tyr-Thr-Phe-Ser-Ser-Tyr-Gly-Leu-Tyr-Trp-Val-Arg Amino-Acid Sequence Determinations. N-terminal amino-acid sequences were determined with the aid of a Beckman Sequenator (model 890A), equipped with a refrigerated fraction collector, undercut cup, and "nitrogen flush" kit. The phenylthiohydantoin (PTH) derivatives of amino acids were identified primarily by gas chromatography and thin-layer chromatography; in some instances, high-speed liquid chromatography (40) and hydrolysis with HI (41), followed by amino-acid analysis, were also employed. To improve quantitation by gas chromatography, the concentrations of the PTH derivatives used as standards were determined by optical density measurements.
RESULTS
Each of the sequence analyses was consistent with greatly restricted heterogeneity of the H chain of the anti-Ar antibodies isolated from individual mice. In all instances only a single major residue was identified at each position in the sequence (Fig. 1) . As previously reported (32, 38) applied to the sequencer. From the high yields it appears that most or all of the H chains are unblocked at the N-terminus, since losses may take place during the handling of the protein and during the processes occurring in the automatic sequencer; modification of the N-terminus may also occur. N-terminal sequences are shown in Fig. 1 for the H chains of anti-Ar antibodies with CRI of 10 individual mice. The first sequence represented, that of mouse A12, is taken from previous reports by Capra et al. (32, 38) . The lengths of the sequences vary from 14 to 38 residues. All of the proteins exhibit identical sequences. This includes a limited amount of data in the first hypervariable region (positions 31 to 35).
DISCUSSION
The present studies on H chains of antibodies from individual mice were possible because of: (a) the high titer of anti-Ar antibodies arising upon immunization with keyhole limpet hemocyanin-Ar in Freund's complete adjuvant; (b) the tendency of the A/J strain to produce substantial amounts of ascites fluids, rich in immunoglobulin, upon repeated intraperitoneal challenge with antigen in that adjuvant; and (c) the fact that some A/J mice produce anti-Ar antibodies containing a high percentage (>60%) of molecules with CRI (34) . About one immunized mouse out of 15 or 20 fulfills all three criteria, and the mice represented in this study were selected from that group. The data confirm the restricted heterogeneity of the H chains of the anti-Ar antibodies with cross-reactive idiotype (32, 33) . This contrasts with the heterogeneity of A/J anti-Ar antibodies lacking CRI, in the framework, and particularly in the first hypervariable region (32, 33).
Since our major purpose was to identify an occasional amino-acid substitution if it occurred, it was essential to utilize antibodies from individual mice; such substitutions would necessarily be missed in a pool of antibodies from a number of animals.
The results seem unequivocal. All amino acid sequences obtained so far are the same. The total number of aminoacid positions identified and compared to date is 277. The same sequence was previously obtained by Capra et al. (32, 33) for H chains from a pool of antibodies from 18 A/J mice (determined through position 38), as well as from an individual mouse (A12, Fig. 1 ).
It is difficult to interpret the data on any premise other than that the framework (nonhypervariable) sequence observed is encoded by a germ line gene. If it arose by somatic mutation of a related gene one would expect to see occasional substitutions, since certain substitutions in the framework region can obviously be tolerated without disrupting the functions of an immunoglobulin polypeptide chain; this is shown by the existence of numerous V regions with very similar but nonidentical framework sequences. Thus, somatic mutations affecting the framework cannot be ruled out simply on the basis of a structural requirement for invariance.
If one accepts the premise that the constancy of sequence we observed in the first framework region reflects the presence of a corresponding germ line gene, one may draw the corollary conclusion that this portion of the hypothetical germ line gene either does not undergo somatic mutation with significant frequency or that the results of such mutations are not observed because substitutions in the framespecificity and subsequent clonal expansion (13, 42) . The data lead to the speculation that, in general, somatic mutations affecting the framework sequences that are expressed are very infrequent.
Our data do not appear to be directly interpretable in terms of the mechanism of diversity in hypervariable regions; first, because the amount of sequence data so far obtained for the first hypervariable region is limited (Fig. 1); and second, because a mutation affecting a hypervariable region could change the antigen-binding specificity of the antibody, which was isolated on the basis of its specificity.
Recent data on RNA-DNA hybridization suggest, however, that the number of copies of DNA coding for each mouse VK subgroup is small (20) (21) (22) (23) 
